Abstract: Moringa oleifera oil (MOO), a second-generation lipid feedstock that has been reckoned as a promising feedstock for biodiesel production in recent years. In the current study, crude MOO possessing high acid value (80.5 mg of KOH/g) was subjected to two step esterification and transesterification process for biodiesel production and the process was applied with central composite design (CCD) based response surface methodology (RSM). The results showed that H 2 SO 4 concentration of 0.85 vol%, reaction time of 70.20 min, and methanol to oil ratio of 1:1 (vol/vol) significantly decreased the acid value to 3.10 mg of KOH/g of oil. Moreover, copper oxidecalcium oxide (CuO-CaO) nanoparticles were developed and evaluated as a novel heterogeneous base catalyst for synthesizing Moringa oleifera methyl esters (MOME). The synthesized catalyst was scrutinized using Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive X-ray (EDAX) analysis. Copper oxide (CuO) was perceived to be the dominant phase in the synthesized catalyst. Highest MOME conversion of 95.24% was achieved using 4 wt% CuO-CaO loading, 0.3:1 (vol/vol) methanol to oil ratio and 150 min reaction time as the optimal process conditions. 
Introduction
Let F denote a eld and let V denote a vector space over F with nite positive d pair A, A
The dominance of fossil fuel is escalating over few decades owing to its prominent combustion efficacy, fuel compliance, reliability, availability and handling attributes [1] . Of total primary energy consumption in 2016, crude oil contributes a major share of 33.3% followed by coal (28.11%) and natural gas (24.1%). Despite having a share of around 4%, renewable energy including biofuels was reported to be the fastest growing energy source in 2016 [2] . Also, researchers started to focus on developing various types of alternative energy sources since the emanations generated by the burning of fossil fuels has an adverse impact on both ecosystem and human health. Biodiesel is one such alternate fuel energy which can be employed in diesel engines [3] . It is simply the fatty acid methyl esters (FAME) derived from vegetable oils, animal fats and waste cooking oils in the occurrence of short chain alcohols with a suitable catalyst via chemical route known as transesterification. Furthermore, it has numerous benefits such as biodegradability, lower emission of oxides of carbon and sulphur and also leaves no particulate matter.
Homogeneous and heterogeneous are two types of catalyst generally used for biodiesel production. Homogeneous catalysts are widely used for conventional industrial process due to faster reaction rate, higher yield, and mild reaction conditions [4, 5] . Besides several advantages, the major restriction relies on nonenvironmental friendly process due to the generation of excess waste water during washing of biodiesel. Moreover, the produced biodiesel needs purification inorder to remove the homogeneous basic catalyst which makes the process expensive and time devouring. To surmount the above said drawbacks, the heterogeneous catalyst has been explored widely [6] . Heterogeneous catalysts are gaining importance since it can be rapidly separated via naive filtration technique thereby reducing process time and cost required for purification of final product [7] . Also, the separated catalyst is less corrosive, environmental friendly, and by filtration can be reused in subsequent reactions.
Use of metal oxide nanoparticles as heterogeneous catalysts is on the rise owing to their high reactivity, stability, and reusability. Amongst the various metal oxides, copper oxide nanoparticles (CuO-NP) are more suitable as they are less expensive than gold or silver nanoparticles [8] . Synthesizing metallic copper nanoparticles is quite challenging owing to its easily oxidizing nature and it may be considered as a major limitation. For CuO-NP production, several techniques are available such as chemical reduction, thermal disintegration, microwave assisted decomposition, polyol synthesis and even by simple precipitation method as copper salts can be easily reduced using mild reducing agents like ascorbic acid [9] . In addition, copper nanoparticles can be produced via size controlled methods which can be used to study the optimum size of nanoparticles for maximizing the yield and conversion of biodiesel [10] . Owing to its advantages such as availability of various production techniques, and virtuous thermodynamic stability holding, metal oxide makes CuO-NP more promising for application in biodiesel production.
Doping is the addition of various compounds so as to increase the catalytic activity of the existing material. Several reports are available indicating the doping of CuO-NP with different materials to bring about enhanced or novel properties [11] [12] [13] . Calcium oxide based catalysts have also been extensively employed owing to its availability, lower toxicity, high basicity and high transesterification activity [14] . To make the biodiesel process highly economical and eco-friendly, the calcium-based catalysts synthesized from waste materials such as animal bones, fish bones, sea shells, and egg shells are of recent research interest. Previously, several mixed metal oxide based heterogeneous catalyst were synthesized using doping or wet impregnation techniques and tested successfully for biodiesel production [15] [16] [17] [18] .
Furthermore, a major predicament allied with biodiesel production is lipidic feedstock availability. The exploitation of conventional source has some limitations owing to its food vs. fuel dilemma. Alternative feedstocks such as non-edible sources have acquired worldwide consideration for biodiesel production [19] [20] [21] . Among various non-edible feedstocks, Moringa oleifera (drumstick tree) belongs to the family Moringaceae is a multipurpose small deciduous and most widely cultivated tree found mainly in tropical and subtropical regions. The tree bears triangular shaped seeds which contain 35-45% oil by weight [22] . M. oleifera based biodiesel is proved to be more stable due to the oil's inherent antioxidant property. Owing to this, prolonged biodiesel storage is made viable [23] . Several works on the utilization of M. oleifera oil (MOO) as a viable source for the production of biodiesel were reported in literature. However, a few reports are available with respect to heterogeneous catalyst based biodiesel production from M. oleifera oil [20, 24, 25] . Also, there is no report on statistical optimization of esterification reaction using M. oleifera oil as feedstock.
In the current work, central composite design (CCD) based response surface methodology (RSM) was employed to reveal the optimal level of process parameters for the sulfuric acid based esterification reaction to reduce the acid value of crude M. oleifera oil followed by the mixed metal oxide catalyzed transesterification for biodiesel production. The interaction between esterification variables such as catalyst concentration, methanol to oil volumetric ratio and reaction time on acid value reduction were examined. Moreover, methyl ester synthesis from M. oleifera oil via copper oxide doped with calcium oxide as a mixed metal oxide catalyst was investigated. In this technique, calcium oxide provides high conversion of the feedstock to biodiesel, whereas copper oxide provides high stability and high specific surface area for reaction. The CuO-NP was synthesized using precipitation method and were further doped with calcium oxide obtained by the calcination of powdered conch shell. The resulting catalyst was examined using FTIR, XRD, SEM and EDAX techniques. Further, the synthesized CuO-CaO catalyst was utilized for biodiesel synthesis from esterified MOO and the transesterification variables such as catalyst concentration, methanol to esterified oil ratio and reaction time on MOME conversion were optimized using CCD of RSM.
Materials and methods

Materials
Crude MOO employed in the current research work was procured from Tamil Traders, Coimbatore (Tamil Nadu), Conch shells (CS) were obtained from the Kanyakumari seashore, Tamil Nadu, India. The initial moisture content of crude MOO was found to be 0.12% and hence, it was preheated at 105°C for 4 h to remove the residual moisture present. Typical titration method was employed to determine the crude MOO's acid value [26] . Phenolphthalein indicator, methanol, and ethanol were purchased from S.D. Fine Chemicals Ltd, Mumbai, India while copper acetate monohydrate salt, sodium hydroxide, potassium hydroxide, sulfuric acid (98%), and petroleum ether (40-60°C) was obtained from HiMedia Laboratories, Mumbai. Analytical grade reagents, solvents and chemicals only utilized in this study.
Preparation of CuO-CaO catalyst
Sodium hydroxide (0.2 M) solution was added to copper acetate (0.2 M) solution at 1:3 ratio respectively at 2 mL/min flow rate under constant stirring (250 rpm) for 4 h till the solution turned completely black. The nanoparticles were then obtained by centrifugation at 4000 rpm for 20 min and were repeatedly cleansed with ethanol and de-ionized water to eliminate any traces of impurities. The collected precipitate was calcined at 600°C for 3 h to completely eradicate any moisture. Conversely, conch shells (CS) was initially washed with water several times continued by drying (105°C -24 h) and then size reduced into fine powder. The powdered CS was calcined at 900°C for 3 h in a programmable muffle furnace. Doping of catalyst was done by adding the synthesized CuO-NP and calcined CS powder (1:1 ratio) to 50 mL of de-ionized water and stirred at 40°C for 6 h. The mixture was poured onto a Whatman No.1 filter paper and the retentate was calcined at 600°C for 3 h to eliminate all traces of moisture [27, 28] . The overall schematic of catalyst synthesis was presented in Figure 1 . 
Catalyst characterization
Scanning electron microscopy (SEM) analysis using CARL ZEISS (Model: SIGMA V) was utilized to analyze the surface morphology of the CuO-NP and the synthesized CuO-CaO catalyst. Energy dispersive atomic X-ray spectrometry (EDAX) was implemented to reveal the elemental constituents of the CuO-NP and the synthesized CuO-CaO catalyst. Fourier transform infrared (FTIR) spectroscopy using ATR-FTIR (Model: BRUKER, Germany) in the scan range of 4000-600 cm -1 was done to analyze functional groups present in the synthesized CuO-CaO catalyst. X-ray diffraction (XRD) analysis using PANalytical X'Pert 3 powder diffractometer equipped with Cu-Kα radiation (K-Alpha = 1.54Å) at the rate of 30 mA and 45 kV was employed in order to obtain diffraction patterns in the synthesized CuO-CaO catalyst in the scanning angle ranging from 2θ° = 10.00 to 89.99, step size of 0.0130, step time of 48.19 s.
Sulfuric acid catalyzed esterification reaction
The process was conducted in 250 mL three-necked glass reactor rested in a stable temperature water bath. All the experimentations were carried out using crude MOO. Based on earlier studies, the stirrer speed and reaction temperature were maintained at 450 rpm and 60°C, respectively [20] . The volume of sulfuric acid, methanol to oil volumetric ratio and esterification time were varied based on design matrix to obtain the minimum acid value. After accomplishment of reaction, the mixture was heated to remove the surplus methanol. Furthermore, the resulting mixture was poured into separating funnel and kept uninterrupted for overnight for clear partition. The lowest layer comprising impurities were drained off and the top layer of esterified oil was removed and hoarded for further studies and used for transesterification process. Figure 2 represents the experimental setup employed in transesterification reaction. Based on several preliminary studies, base-catalyzed transesterification reaction was executed in glass reactor by utilizing the synthesized CuO-CaO based catalyst with methanol as solvent.
CuO-CaO catalyzed transesterification reaction
Initially, calculated amount of methanol was added to the desired amount of synthesized catalyst as provided in the design matrix and the mixture was stirred to enhance the methoxide formation. The preheated esterified MOO was then added to the reaction mixture maintained at 65°C with stirrer speed of 450 rpm [20] . After the reaction was completed, the resultant mixture was heated to evaporate additional methanol and then transferred to a separating funnel containing No.1 Whatmann filter paper to cut-off the solid catalyst, followed by the overnight estrangement for the distinct phase partition of M. oleifera methyl esters (top) and glycerol (bottom). Glycerol was eliminated while the biodiesel was stored in an air tight container for further assessment. The overall schematic workflow for M. oleifera oil based biodiesel synthesis was presented in Figure 3 . The M. oleifera methyl esters (MOME) conversion was determined by proton nuclear magnetic resonance spectroscopy ( 1 H-NMR) in which CDCl 3 was used as solvent. The percentage methyl ester conversion was determined using Eq. 1 [29] .
where, C denotes percentage conversion of triglycerides to methyl esters, A ME signifies integration value of methoxy protons of methyl esters, A CH 2 α− represents integration value of α-methylene protons.
Design of experiment
RSM using five levels based three factorial CCD was employed to analyze the effect of three independent variables on both esterification and transesterification process [30] . H 2 SO 4 concentration (0.5-1 vol%), methanol to oil volumetric ratio (1:1-1:3 vol/vol), and reaction time (30-90 min) are the independent variables selected for the esterification of crude MOO whereas for the CuO-CaO based transesterification, the independent variables such as CuO-CaO catalyst concentration (2-4 wt%), methanol to oil volumetric ratio (0.3-0.7 vol/ vol), and reaction time (90-150 min) were opted. The range and the levels of process variables for esterification and transesterification process were shown in Table 1 and Table 2 , respectively.
Statistical analysis
Design Expert (Version 11 Stat-Ease Inc., Minneapolis, USA) software was used to optimize the esterification and transesterification experiments for estimating the effect of parameters on the response. All the runs in esterification and transesterification processes were analyzed individually to fit the developed model by using the regression analysis and also assessment of the equation for statistical significance. The quality of fit of the predicted model was estimated using analysis of variance (ANOVA) and significance test. By analyzing the response plots and reviewing the regression equation, the optimal conditions for the selected parameters was achieved. Several terms including correlation coefficient (R), coefficient of determination (R 2 ), Fisher's test (F-value), and probability value (p-value) were analyzed 
Results and discussion
Physiochemical properties of Moringa oleifera oil
The physiochemical property of crude MOO used in the present study was analyzed and the observations were given in Table 3 . The maximum acid value of MOO reported in the literature was 8.62 g of KOH/g of oil [22, 31, 32] . However, the acid value of MOO used in the present study exhibits a very high acid value of 80.50 g of KOH/g oil. The existence of high acid value may be attributed to the crude nature of oil and the extraction technique (mechanical screw press) employed by the supplier. Also, the density of crude MOO was found to be higher used in the present work than the previously reported studies. Similar observations of high free fatty acid content for different non-edible feedstocks such as Hevea brasiliensis oil [33] , Madhuca indica [34] , Jatropha curcas [35] , and Pongamia pinnata [36] were reported in the literature. The difference in the values of physiochemical properties of MOO can be attributed to the plant growth conditions, employed oil extraction technique, fatty acid composition, analysis temperature, and analysis procedure involved.
Catalyst characterization 3.2.1 FTIR analysis
The infrared spectrum of synthesized CuO-CaO catalyst was shown in Figure 4 . The low intensity absorption band at 3640.04 cm -1 was ascribed to the presence of hydroxyl (-OH) group in Ca(OH) 2 formed owing to the association of active catalyst to the air during analysis procedure [47] . Major absorption band observed at 874.66 cm -1 and minimal absorption band at 2312.11 cm -1 was assigned to vibrational mode (out of plane bend) for CO 3 -2 group formed due to the chemisorbed CO 2 on the catalytic surface [48, 49] . Several absorption peaks observed between 900-700 cm -1 was attributed to the bending vibrational mode of Cu-O-Cu [50] while the absorption bands between 4000-2800 cm -1 represents the 
XRD analysis
XRD pattern of the synthesized CuO-CaO catalyst was illustrated in Figure 5 . 
SEM analysis
The surface morphology of CuO-NP and CuO-CaO catalyst was shown in Figure 6 . No defined shape was observed on the CuO-NP (Figure 6a ) while the CuO-CaO appears as agglomerates (Figure 6b) . The CuO-NP shows high porosity on its surface which facilitates the attachment of CaO thereby enhances the catalytic activity. Baskar et al observed that the synthesized manganese doped ZnO was spherical shaped and appeared in cluster form [15] . Madhuvilakku and Piraman observed the morphology of the synthesized mixed oxide (TiO 2 -ZnO) nanocatalyst by FE-SEM and reported that the catalysts appeared as aggregates. Also, the catalysts particles corresponding to ZnO formed agglomerated flakes while the complex TiO 2 -ZnO appeared in irregular spherical shapes [53] . No reports were available on doping of CuO-NPs with CaO. Hence, the current study focuses on the usage of doped nanocatalysts for biodiesel production.
EDAX analysis
The chemical constituents of the synthesized CuO-NP displayed in Figure 7 was determined using EDAX analysis. The EDAX spectrum shown in Figure 7a revealed that copper (43.06 wt%) and oxygen (44.30 wt%) are the major elements. EDAX analysis on CuO-NP synthesized from Aloe vera leaf extract showed atomic percent of 45% and 54% for O and Cu, respectively [56] while the present study revealed a less amount of Cu (15%) and a high amount of O (61.6%). A negligible amount of zinc presence was observed in the EDAX spectrum which is attributed over the impurities being entered during the sample preparation for analysis. Moreover, a high carbon presence was observed due to the usage of carbon tape in which the samples are mounted during analysis procedures. Doping of CuO-NPs with CaO derived from conch shell was observed clearly from the EDAX spectrum shown in Figure 7b . 16.46 wt% of calcium was observed after doping of conch shell powder along with the CuO NP indicating the integration of CaO on CuO-NP. The major constituents of the synthesized catalyst were found to be copper (30.04 wt%), calcium (16.46 wt%) and oxygen (42.76 wt%).
RSM optimization of esterification and transesterification reaction
Experimental runs based on the CCD matrix were carried out to evaluate the response with respect to three independent variables for both the sulfuric acid catalyzed esterification (Table 4) and CuO-CaO catalyzed transesterification (Table 5) reaction. Statistical analysis was done using Design-Expert software package and the esterificationtransesterification experimental optimization was carried out by analysis of variance (ANOVA). From ANOVA table presented in Table 6 and Table 7 , it was evident that the model was statistically influential at 95% confidence interval (p < 0.05). The model's probability of error (p-value < 0.05) represents that only a 5% likelihood that F-value of model might arise because of noise. The model terms (A, B, C) of esterification and transesterification are also statistically significant since the p-value is < 0.05. Additionally, methanol to oil ratio (B) in esterification and reaction time (C) in transesterification are the most influencing parameters owing to its greater F value and smaller p-value. Also, the fitness of model was evaluated by coefficient of determination (R 2 ) and the corresponding value was 97.51% and 98.68% while the adjusted R 2 was observed as 95.27% and 96.99% for esterification and transesterification, respectively. Graph of experimental results obtained was compared with the model predictions for esterification and transesterification are presented in Figure 8 . It was perceived that experimental data are in high association with model predictions and exhibits a good agreement since the response values lies near diagonal line. The generated polynomial equation for esterification (Eq. 3) and transesterification (Eq. 4) reaction in coded factors was displayed below. 
Interaction effect between esterification process variables
The influence of sulfuric acid concentration (A) and methanol to oil volumetric ratio (B) on the reduction of acid value is indicated in 2D contour plot (Figure 9a ) generated by the software. Of three input variables, the reaction time was held at 60 min to study the influence between the parameters (A and B). Raising the sulfuric acid concentration up to 0.9 vol% with methanol to oil ratio at 1:1 ratio significantly increases acid value reduction. However, beyond 0.9 vol% of catalyst concentration, the acid value of crude MOO increases with methanol to oil volumetric ratio. Moreover, varying the methanol to oil volumetric ratio from 1:1 to 1:3 with increasing catalyst concentration, upsurge in the acid value was witnessed. Hence, the significant acid value reduction occurs over the catalyst concentration range of 0.7 to 0.9 with methanol to oil volumetric ratio at 1:1 at a constant reaction time of 60 min. However, volumetric ratio of 1:1 utilizes a higher volume of methanol which resulted in difficulties related to methanol separation thereby increasing the process cost. From ANOVA, it was perceived that the interrelation between sulfuric acid concentration (A) and methanol to oil volumetric ratio (B) are insignificant. Figure 9b shows the 2D contour plot among sulfuric acid concentration (A) and esterification time (C). The interaction between factor A and C was studied by holding methanol to oil volumetric ratio (B) constant at intermediate level (1:2) . At low levels of both the parameters (A and C), the acid value of crude MOO remains higher and no substantial decline in acid value was noticed. At higher levels of factor A around 1 vol% and factor B around 90 min, a significant diminution in acid value was achieved with volumetric ratio of 1:2. From ANOVA, a less significant interaction among sulfuric acid concentration (A) and reaction time (C) was observed. The effects of volumetric ratio (B) and esterification time (C) on lessening acid value is presented in 2D contour plots (Figure 9c ) generated using CCD. The interaction effect of volumetric ratio (B) and esterification time (C) was investigated with a constant catalyst concentration of 0.75 vol%. Higher decline in acid value was witnessed with 1:1 volumetric ratio. However, varying the volumetric ratio from 1:1 to 1:3 ensued in improved acid value of crude MOO. This clearly indicates that higher amount of methanol is needed to solubilize the crude MOO for significant acid value diminution. At low level of reaction time, a significant reduction of acid value was observed with 1:1 methanol to oil ratio. It is also noticed that increase in reaction time exhibits an identical decrease in acid value as perceived in low levels. The acid value reduction among low and high levels of reaction time is almost same with 1:1 methanol to oil ratio. From ANOVA table, it is observed that the interaction effect of volumetric ratio (B) and reaction time (C) is significant. Figure 10a shows the interaction effects between the transesterification parameters (CuO-CaO concentration and methanol to oil volumetric ratio) on biodiesel conversion while reaction time was held at middle level (120 min). The MOME conversion enhanced with rise in catalyst concentration and obtained a maximum conversion (< 85%) around 4 wt% owing to its huge availability of active catalytic sites. From the observed experimental results (Run. 2 and 5), high MOME conversion of < 90% was seen at lower volumetric ratio. However, lower MOME conversion was observed (Run. 1 and 9) at higher methanol to oil ratio which represents the dilution effect thereby leads to the existence of reverse reaction [47] . Furthermore, utilizing high volumes of methanol significantly increases the energy consumption for its removal at the end of the process [61] . Increasing the catalyst concentration beyond 4 wt% (Run. 6), drop in MOME conversion was witnessed which reflects the increased viscosity of reaction mixture. The interaction effect between the variables CuO-CaO concentration and reaction time was presented in Figure  10b . From ANOVA table (Table 8) , CuO-CaO loading was observed as highly influential parameter in MOME conversion due to minimal p-value (< 0.0001) and huge F-value (123.77). Low MOME conversion (> 60%) was observed at minimum reaction time (90 min) and lowest CuO-CaO loading (2 wt%) since the mass transfer between solid to liquid was slowly initiated. However, prolonging the reaction time enhances the MOME conversion which indicates well-established mass transfer among solid (catalyst) and liquid (methanol and oil). High MOME conversion around 80% achieved when time held at 150 min with CuO-CaO concentration of 4 wt%. Similar observation was reported using Turbo jourdani shells [62] . From the overall observations, it was evident that reaction time has the least contribution on the MOME conversion among other variables. Figure 10c shows the 2D contour graph for the interaction between volumetric ratio and time at constant CuO-CaO concentration of 3 wt%. From the experimental results (Run. 7 and 14), the MOME conversion diminished with enhancing methanol to oil ratio which can be ascribed to the equilibrium shift (reverse reaction) during transesterification process owing to the presence of high methanol. It was also evident from the observations (Run. 15 and 17), increased reaction time enhanced the MOME conversion from 65.98% to 86.99%. From the contour plot shown in Figure 10c , high MOME conversion of < 80% acquired at high reaction time (150 min) and low methanol to oil ratio (0.3:1 (v/v)) indicating the methanol was sufficient enough for the conversion. Similar results were observed on waste chicken eggshell based biodiesel production from soybean oil [63] . From ANOVA table, it was found that the interaction among methanol to oil ratio and reaction time was statistically noteworthy since the p-value < 0.05.
Interaction effect between transesterification process variables
Optimum process conditions
Several studies on esterification optimization employing experimental design on various non-edible sources such as Madhuca indica oil [64] , Jatropha curcas [65] , Ricinus communis [66] , Hevea brasiliensis [33, 67] , and waste coffee grounds oil [68] were reported. Also, numerous studies are available for optimization of transesterification process variables using RSM on various lipid feedstocks such as waste cooking oil [69] , Jojoba oil [70] , palm oil [71] , Jatropha curcas [72] , scum oil [73] , shea butter [74] , soybean oil [30] , and canola oil [75] . In this research, the optimal points for the esterification and transesterification process were obtained through selecting the desired input level using the numerical optimization tool [71, 76] . The predicted optimal conditions for maximum reduction of acid value ( Figure 11 ) were found to be H 2 SO 4 loading -0.85 vol%, methanol to oil volumetric ratio -1:1 and esterification time -70.20 min resulted in a predicted acid value of 3.21 mg of KOH/g oil. Similarly, the predicted optimum process conditions for transesterification ( Figure 12) were CuO-CaO concentration -4 wt%, methanol to oil volumetric ratio -0.3:1 (v/v) and reaction time -150 min resulted in a predicted MOME conversion of 95.245%. The model prophecies were corroborated by performing additional trials under optimum conditions. The average actual acid value observed as 3.10 mg of KOH/g oil for esterification reaction and the maximum MOME conversion achieved was 95.24% ( Figure 13 ) using Eq. 1. The obtained result showed that the actual value is in accordance with predicted value. The synthesized M. oleifera biodiesel was characterized using gas chromatography coupled with mass spectroscopy (GC-MS, Bruker, Scion 436, Germany). BR-5MS column having the composition 5% Diphenyl and 95% Dimethyl polysiloxane was employed and GC-grade helium gas was utilized as carrier gas with constant flow rate of 1 mL/min. The biodiesel sample was introduced via the injector system maintained at 280°C having 10:1 split ratio. Primarily, oven temperature maintained at 110°C (holding -3.5 min) and it was ramped-up to 200°C with 10°C/min. Furthermore, the temperature was ramped-up to 280°C with 5°C/min (held for 12 min). MS (TQ Quadrupole) inlet temperature was maintained at 290°C while the source being maintained at 250°C and the NIST library (Version -11) was utilized for the identification of compounds. The fatty acid composition of synthesized MOME was shown in Table 8 and its corresponding spectrum was presented in Figure 14 .
Catalyst reusability studies
Catalyst reuse is one of the substantial attributes of heterogeneous catalysts. The studies on reuse of prepared CuO-CaO catalyst was performed under the optimized conditions. The catalyst obtained after the end of transesterification reaction was washed with methanol and then dried (overnight) in hot air oven at 105°C. For the first five cycles, the biodiesel conversion was maintained above 90%. However, the biodiesel conversion was drastically decreased after 5 th cycle due to the reduction in active sites. From the overall observations, the synthesized CuO-CaO catalyst holds good stability and sustained the activity up to five consecutive runs.
Comparison of optimal esterification conditions with previously reported studies
An overview of various research works presented on esterification using Moringa oleifera oil was illustrated in Table 9 and the optimal conditions from the current research ensued maximum drop in acid value from 80.5 to 3.10 mg of KOH/g of oil at a lower catalyst loading of 0.847 vol% and moderate reaction time of 70.11 min. Furthermore, no earlier reports were available on MOO based esterification optimization using experimental design.
Conclusion
In the present research, experimental optimization for esterification and transesterification of Moringa oleifera oil (MOO) was done by RSM using CCD. The acid value of crude MOO was diminished from 80.5 mg of KOH/g of oil to 3.10 mg of KOH/g of oil using 0.85 vol% H 2 SO 4 loading, 1:1 volumetric ratio, esterification time of 70.20 min at 60°C as the optimal process conditions. From the ANOVA table, it was observed that methanol to oil volumetric ratio was the most substantial variable in reducing the acid value of crude MOO. A novel CuO-CaO heterogeneous base catalyst has been developed and characterized using FTIR, XRD, SEM and EDAX analysis. SEM analysis of CuO-CaO catalyst revealed that the particles have a very high porosity which in turn provides a very high surface area for the reaction to take place, thereby increasing its catalytic activity. FTIR analysis confirmed the successful integration of CaO derived from conch shell into CuO-NP. Esterified MOO was further utilized for transesterification reaction using synthesized CuO-CaO catalyst and high biodiesel conversion of 95.24% was acquired using 4 wt% CuO-CaO catalyst, 0.3:1 methanol to oil volumetric ratio, 150 min reaction time, and 65°C reaction temperature. Furthermore, the developed CuO-CaO catalyst drastically reduces the problem of Ca-based soap formation at the top of the biodiesel layer. Thus, the current work clearly shows the promising use of CuO-CaO nanoparticles as heterogeneous base catalyst for biodiesel production.
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Catalyst type
Esterification reaction conditions
